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Figure 13.1. Loop Current on April 27, 1989. (GULFPLOT digital chart by Evans-Hamilton, Inc,
from National Oceanic and Atmospheric Administration analysis.)
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temperature, and water temperatures. Water relayed 10-min averages of air pressure, air
temperatures are at 0, 5, 10, 20, 30, 50, and 100 m temperature, and sea-surface temperature via
below the surface. satellite. They were expendable, with a design

lifetime of three months. The buoy package is a
The buoys have two purposes. First, they collect and standard sonobuoy container (36 inches long, 4.9
relay data from remote or violent-weather areas. inches diameter, 25 lbs) (Figure 13.2). They cost
Second, they help interpret near-surface current $2,750 each and can be launched from either ships
patterns by their drift tracks. or aircraft.

Last year, the Navy tested 60 of these buoys. Tests From aircraft, the buoy launch envelope was 300 to
were in the Gulf of Mexico, Mediterranean, 30,000 ft. altitude, and 0 to 300 kts air speed. A self-
Northwest Pacific, and Northeast Atlantic. Results deploying parachute slowed descent, and a seawater-
showed buoy sensors are reasonably accurate, switch activated the buoy. The switch caused the
However, subsurface sensors do not survive for the sonobuoy container to fall away, a flotation collar to
three-month design lifetime. Although surface inflate, and an antenna to pop up. The container,
sensors rarely failed within three months, one-third attached to the bottom of the buoy with a 100-m
of subsurface sensors typically failed within one cable, acted as a drogue.
month.

Once the buoys were in the water, the data were
INTRODUCTION satellite-relayed about every three hours at 30°N

and more frequently at higher latitudes. Service
Buoy Uses--Remote Data and Circulation ARGOS, the data-processing company, gathered the

satellite data from several receiving stations around
The U.S. Navy uses drifting buoys for gathering data the world. Next, the company converted the data to
in inaccessible areas and for interpreting surface standard units and formats. Finally, they loaded the
currents. converted data on international weather networks.

Weather facilities around the world received the
As remote data stations, buoys have to be both buoy's data within a few hours. Figure 13.3 shows
expendable and rugged. They should also deploy the buoy's data format sent over the networks.
easily from either ships or aircraft. The Navy uses
them in regions where heavy weather has driven out Many Navy facilities, however, no longer rely on the
traffic or in regions where there is no traffic. In above data-relay system. They can receive buoy data
either case, buoys are never recovered or repaired. directly and more quickly with their own satellite-
Both the U.S. Coast Guard (Thayer et al. 1988) and receiving stations.
the Navy (Pickett 1989b) are testing such buoys.

Our tests of this buoy uncovered two major
Another buoy application is in circulation studies, problems. First, lifetimes were less than three
The buoys can help predict motions of sonobuoy months. Second, buoys failed at aircraft launch

arrays (Pickett and Burns 1987; Burns and Pickett speeds above 250 kts.
1988) and can provide data to prime models. They
are also valuable in interpreting satellite images We traced lifetime problems to the flotation-collar
(Pickett et al. 1984). gas. Carbon dioxide either reacted with, or diffused

through, the collar fabric. When we changed the gas
As remote data stations, the buoys work well. to nitrogen, lifetimes increased to three months.
However, in circulation studies, they have limitations.
Satellite-derived positions are several hours apart Higher-speed launches required some redesign and
and only accurate to about 0.3 km (Pickett et al. an external wind-flap support. With these changes,
1983). In addition, wind introduces drift errors the buoy then survived launches up to 300 kts.
(Pickett 1989a). Hence these buoys can accurately
track only large-scale, strong currents in light to After we fixed the above two problems, the buoys
moderate winds, passed all our tests. The Navy then bought several

hundred and used them operationally around the
Weather Buoy--Worked Well world.

Last year we tested a weather buoy designed to meet
the above needs (Pickett 1989c). These buoys
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Figure 13.2. A fully deployed buoy (cut open to show insides). (The surface unit is on the right, and
the launch container on the left. The surface unit houses the air-pressure port and air
temperature sensor in a white knob at the top [above the antenna]. The sea-surface
temperature sensor is at the bottom of the surface unit. The subsurface temperature
cable is still on the spool at the bottom of the launch container. All electronics [data
sampling, averaging, transmitter] are on five circular boards at the bottom of the surface
unit. Above these boards is the power stack of C-cell batteries.)
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SSVX06 KARS 291426

ZZXX 29010 11424 72757 08917 10138 40205 888 00202 05205 1020

20201 30201 5019999901 00188 61616 69696 333 42502=
ZZXX 29010 11454 72920 08609 10174 40195 888 00194 05193 10191
20190 30178 501779990160170 61616 69696 333 42504=-.- ZZXX 29010 11444 72803 08952 10126 40207 888 00207 05204 10/// !!
20202 30204 50196 99901 00177 61616 69696 333 42505=

Day/MAorah/Yw Sin (. min) Start of subsurface temps. ('Q

Drfting B.P. (mb)Buoy Time (Z)[ Lng - in) Ai Tcrp('~ciior Drpth~m)fTenp5m20"
Dau Tcnp ( mI22TC SI22l" C 10ni22.0"C

ZZXX29:00 ,11444 72856 08651 10152 '4027 888 00222 :05 220 10220

20 m/22.0C 3Om/22.0"C 5Om/12-8"C lOOm/14.3*C Buoy ID (WMO)

4 + 4.4. 4. 4.lO0rnrcator4 4..
'20220 3.0220 50.12$. 99901 D.0*..31 61616 69696 333 42501=

Indicates beginning of error block Buoy idaroifier follows

Absence of data between 61616 & 69696
indicates satisfactory operation of buoy Indicales the end of error block

Figure 133. A sample message from a buoy. (The first line of each message begins with the SSVX06 KARS
identifier followed by the day and time [GMT]. Typically one message contains data from all buoys
in an area. The second line starts with ZZXX, which separates data from each buoy. The next
two words are the date and time of the data. The rest of the words are: latitude, longitude, air
pressure, air temperature and, finally, the subsurface temperatures.)

Improved Buoy--Subsurface Temperatures FIELD TESTS

This year, we began testing an extended version of Lake Michigan--Accuracy Tests
the same buoy (Figure 13.2). The new buoys cost
$4,000 each. Packaging and launching are The first at-sea test of the subsurface-sensor buoys
unchanged. The major difference is that the drogue was in Lake Michigan. The lake was chosen for
line now contains temperature sensors. Hence in three reasons. First, there was a moored weather
addition to the same surface sensors, the new buoys station at its center. Second, the lake had a strong
also measure 10-minute averages of seven levels of thermocline within the 100-m length of the
water temperature. The seven levels are 0, 5, 10, temperature tail. Third, the lake offered a better
20, 30, 50, and 100 mn below the surface. chance of recovering the buoys than the open ocean.

The addition of the temperature cable also required To check sensor accuracy, we deployed two buoys by
three minor design changes. First, the external ship on 7 September 1989 beside the weather station.
container falls away, rather than becoming a drogue. We recovered the buoys on 26 September. During
This is done to avoid possible sensor-cable damage. this drift period, one buoy remained within 35 km of
Second, the cable has an end-weight to keep it more the station, but the other drifted 70 km away.
vertical. Third, the bottom of the cable has a
pressure sensor to measure cable tilt. Details of this accuracy test are in McCormick et al.

1990. In general, the results showed all buoy surface
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sensors compared well with the weather station's subsurface sensors on both buoys soon developed
data. The buoys' subsurface temperatures also problems. Bottom pressure sensors failed within in
compared well to a conductivity-temperature-depth a few days. In addition, one subsurface temperature
instrument. Figure 13.4 is a sample of these sensor on each buoy failed within a week.
comparisons.

To develop better statistics on subsurface failures,
Buoy surface water temperatures are warmer we air-launched 17 more buoys in the Gulf. Minor
because the buoy only measures 0.5 m below the changes followed each drop as we tried to increase
surface. By contrast, the weather station measures subsurface-sensor lifetimes. None of these changes
1 m below the surface (note near-surface, was very successful. By the time we finished these
temperature slope in last panel). Similarly, buoy air drops, bottom-pressure sensors still failed in a few
temperatures are higher because they are closer to days and subsurface-temperature sensors in a few
the water surface (1 m instead of weather station's weeks. Eventually, we managed to recover three of
5 m). Allowing for these differences, buoys sensors these failed buoys for analysis.
seem reasonably accurate.

While we analyzed these recovered buoys, we also
Although buoy-sensor accuracies were close to ran pressure tests on a subsurface-temperature
specifications, subsurface-sensor lifetime was not. cable. We put the tail of an operating buoy in a
All subsurface temperature sensors on both buoys seawater pressure tank at a pressure equivalent of
failed within two weeks. As a result, we stopped the 200-m depth (twice the operating depth). After two
test and recovered the buoys for analysis. weeks, all subsurface sensors still operated. We

concluded seawater pressure alone was not causing
Studying the condition of the recovered buoys, we early failures.
made three changes to the subsurface cable. First,
we molded the thermistors directly into the cable, After studying the three buoys recovered from the
instead of a less-protected breakout system. Second, Gulf of Mexico, we tried a new, less-permeable
we added a stronger, load-bearing bushing between potting compound for the cable sensors. We also
the buoy and the top of the cable. Third, we added reduced the size of the bottom weight to reduce
a tripod suspension above the bottom weight to cable stress.
strengthen the attachment and reduce spinning.

Engineers at the Naval Avionics Center had already
Gulf of Mexico--Air Launch suggested reducing the bottom weight. A stress-

smulation model run at the Naval Oceanographic
After the above redesign, we shifted testing to the Office confirmed their suggestion. The model
Gulf of Mexico. In this series, we also added the showed the bottom weight was heavy enough to
rigor of aircraft deployment, stress the conductors inside the cable in steep seas.

In addition, the bottom pressure sensor never
For the first test, two buoys were air dropped in recorded significant cable lift on buoys at sea. As
November 1989 at the same location in the northern a result of the above suggestions, models, and
Gulf of Mexico. We then compared the first 10 observations, we reduced the end weight from 2 to
days of surface data from the buoys before they 1.5 lbs.
drifted apart. The object was to test if high speed
launch and water impact altered sensor accuracy. Operational Tests--Buoys Pass
We calculated differences between simultaneous
buoy measurements of air pressure, sea surface While completing the above redesigns, we tested
temperature, and air temperature. some more buoys in military operations. The object

was to find out if there were any special problems
The above test showed the mean and standard associated with military applications anywhere in
deviation of the air pressure differences were 0.3 mb the world.
and 0.4 mb. The mean and standard deviation of
sea surface temperature differences were 0.1" and During late 1989 and early 1990, Navy aircraft
0.1 *C. For air temperature, the mean difference launched three buoys off Iceland and four in the
was 0.0"C and the standard deviation was 0.1"C. Mediterranean. The Air Force also launched two in

the northeast Pacific.
Although the above data show all surface sensors
survived air launch with no loss of accuracy,
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Figure 13.4. Air pressure and water and air temperature comparisons in September 1989 in Lake Michigan
(from McCormick et al. 1990). (A weather station at the buoy launch site provided the surface
reference data. A conductivity-temperature-salinity instrument provided the subsurface reference
data.)

All these tests were succecsful. All buoys survived 13.6 shows the survival rate for these buoys. In
deployment, provided necessary data, and lasted general, lifetimes are shorter in the Gulf of Mexico
throughout the operations (a week or two). We also than the Mediterranean. Further, the 100-in sensois

discovered by accident that our subsurface sensors failed very quickly (10 to 15 days).
seem to survive longer in cooler waters. The reason
for this is unclear. Still more changes followed the above tests. The

latest redesign included all previous improvements,

Figure 13.5 shows the subsurface-sensor lifetimes on plus three new ones. First, we moved the bottom
the four operationally buoys air launched in the pressure sensor 0.5 m below the bottom temperature
Mediterranean Sea in February 1990. Although the sensor. This was done so we could make 100-m
mean lifetimes did not reach the 90-day design goal, temperature sensors exactly like the upper ones. We
they were greater than any group of buoys we tested hoped they would then match the reliability of the
so far. upper sensors. The second change involved

electronic improvements to reduce potential voltage
Gulf of Mexico Again--Cables Fail spikes that could damage circuits. Finally, we

reduced the end weight once again from 1.5 to
In January 1990, we dropped six buoys with new 1.0 lbs to reduce cable stress further.
potting and lighter end weights in the Gulf. Figure
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figure 13.6. Same as Figure 13.5, except data are tor six buoys launched in winter 1989-1990
in Gulf of Mexico. (Lifetimes wcre less than in the Mcditcrranean Sea.)
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We dropped 10 of these latest buoys in the Gulf in failed, there was no way to remove its bad data from
August 1990. One buoy did not deploy, but Figure the weather network.
13.7 shows the survival of the other nine. In spite of
all of the above improvements, the subsurface-sensor Eventually we solved fl the above communication
lifetimes actually declined, averaging only about 20 problems. In addition, we installed an automatic
days. Our only explanation is that increasing water editor (Teague et al. 1986) in the data stream at
temperatures increase failures faster than we are Service ARGOS. During data processing, the editor
improving the buoys. automatically checks for bad data. If any sensor fails

the tests, the editor switches to a missing data code.
DATA FLOW

Data Display--Software Help
Communications--Getting Bugs Out

Navy facilities quickly ran into problems dealing with
Along with the above survival problems, we also our large quantities of buoy data. Since every buoy
uncovered communication problems during the sends about 70 observations per day (9 sensors, 8
above tests. First, buoy messages had parts cut off. data relays), the output from a group of buoys is
Service ARGOS had to fix their automatic data- large. Six of our Gulf buoys, for example, sent more
processing programs. Second, Navy facilities were subsurface temperatures over the networks than the
not receiving some messages. This was a routing rest of the world combined.
problem at the gateway to the international weather
networks. Third, the Fleet Numerical Oceanography As a result, the facilities needed easy-to-use methods
Center did not have programs in place to receive to extract (from the format shown in Figure 13.3)
buoy-subsurface data. Fourth, after any buoy sensor and display buoy data. In response, we wrote and

Lifetime (days)

140

120

8 0 . ................................................................ .. ...................... .....................................................................................................

20 ~~~~~~~~~~~~~~~~~~~~....... . ............. ................................................... _.........
20 i ---1 ..H

temp.(5) temlp.(10) lemp.(20) temp.(30) temp.(60) temp.(100) preso(00)

Sensor (level)

I Max. Min. - Mean - Design Lifetime

Based on 9 Buoys

Figure 13.7. Survival rates for buoy subsurface sensors - summer 1990. (The figure covers nine buoys
launched in the Gulf of Mexico during summer 1990. The vertical bars extend from the
minimum to the maximum sensor lifetime at each depth. The flat line near the top is the
design goal of 90 days. The other line connects the mean sensor lifetime for each leveL
Lifetimes were the shortest yet in this warm water.)
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sent them a series of programs to capture and sonobuoy-type drifter. Marine Technology
display buoy data. Society Journal.

SUMMARY Pickett, R.L. 1989a. Drift of Metocean
environmental buoys. NORDA Report 441.

In Lake Michigan, buoy sensors compared well with Naval Ocean Research and Development
the reference weather station. After aircraft launch Activity, Stennis Space Center, Miss. 4 pp.
into the Gulf of Mexico, buoy sensors also compared
well with each other. Pickett, R.L. 1989b. Ice-penetrating buoy developed

by Navy. Sea Technology Vol. 30:8. Arlington,
Although buoy sensors were accurate, subsurface Va. August.
sensors failed before their three-month design
lifetime. One-tbird of all subsurface sensors failed Pickett, R.L. 1989c. U.S. Navy tests of sonobuoy-
within about 30 days. At present, these early failures sized environmental data buoys. NORDA
are our major problem. Report 420. Naval Ocean Research and

Development Activity, Stennis Space Center,
In addition, we have two minor problems. First, Miss. 11 pp.
there are occasional bad barometers. In the recent
lots of buoys we tested, about 20% of the Pickett, R.L. and D.A. Burns. 1987. Environmental
barometers were not within specifications requirements for tactical surveillance sonobuoy
(* 0.1 mb). program. Naval Ocean R&D Activity Report

401. NSTL Station, Miss.
St. 1, after tail sensors fail, their output drifts.
T) ly they drift in and out of reasonable bounds. Pickett, R.L., J.E. Campbell, and A.H. Clites. 1983.
This drifting allows bad data to go through the Satellite-tracked drifters in Lake Michigan. J.
editor and over the networks. Ideally, once a sensor Great Lakes Res. 9.
fails, if should go to an out-of-range value and stay
there. Pickett, R.L., R.M. Partridge, RA. Arnone, and JA.

Gait. 1984. The Persian Gulf, oil and natural
We hope to fix the above three problems soon. A circulation. Sea Technology 25.
better understanding of tail failures, barometer tests,
and internal software changes should lead to Teague, WJ., R.L. Pickett and D.A. Burns. 1986.
solutions for the above problems. In our next series A data base editor for MOODS. Naval Ocean
of tests, for example, we will load buoys with R&D Activity Report 136. NSTL Station, Miss.
diagnostic sensors to detect cable problems. Also,
we will continue to try to recover buoys at sea to Thayer, N.B., W.A. Henry and D.L. Murphy. 1988.
analyze failures. Test and evaluation of the compact

meteorological and oceanographic drifter.
Once we solve the above problems, we plan to International Ice Patrol Report 88-02. USCG
extend the subsurface cable from 100 m down to International Ice Patrol, Groton, Conn. 21 pp.
300 m. The result of these efforts should be a buoy
with accurate sensors that lasts three months at sea.
Such a buoy would satisfy both Navy requirements.
It could provide data in remote or dangerous Dr. Robert L. Pickett has worked in the Physical
regions, as well as estimates of near-surface Oceanography Branch of Naval Oceanographic and
currents. Atmospheric Research Laboratories for the past
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expendable drifting buoys capable of being deployed
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1990. A field evaluation of new satellite-tracked Mr. A. C. MacAdam is a mechanical engineer with
buoys; a LORAN-C position recording and a METOCEAN Data Systems, Ltd. in Dartmouth,
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Nova Scotia, Canada. He has been involved with the Ichthyoplankton Surveys, as well as other satellite-
design of drifting data buoys for the U.S. Navy for telemetered XBTs. During July, the routine
the past three years. He has been responsible for satellite-telemetered XBTs and drifting buoy data
the design and implementation of the temperature- were supplemented with an XBT and acoustic
sensing cable of the drifters described herein. Doppler current profiler transect across the Loop

Current.

QUIET EDDY, 1990 After high currents entered the deepwater lease
areas in August, detailed hydrographic and current

Mr. Ken J. Schaudt sampling began. These surveys, combined with the
Marathon Oil Company, buoy and satellite data, give a detailed picture of the

Mr. John Lamkin separation of the eddy from the Loop Current.
National Marine Fisheries Service,

Dr. George Z. Forristall
Shell Development Company,Dr. Cot Cooper Mr. Ken J. Schaudt is an oceanographer and
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Mr. James W. Feeney Engineer in the Oceanographic Engineering
Horizon Marine, Inc. Department of Shell Development Company.

He has a Ph.D. in mechanical engineering from Rice
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During the summer of 1990, the Loop Current driven waves and currents, but recently he has
pushed northward south of the Mississippi Delta, become interested in mesoscale circulation features
where a diverse range of eddies and other and their effect on offshore structures.
circulations was formed. The major eddy formed
at this time was nicknamed Quiet Eddy. Although Dr. Cort Cooper is a physical oceanographer with
the surge and eddy separation occurred during the Chevron Oil Company. He is active in eddy studies
summer months, when atmospheric moisture and circulation modeling.
generally precludes tracking of these features by
satellite imagery, the surge northward and eddy Dr. D. C. Biggs is an Associate Professor and
formation were well documented through Manager of the Technical Support Services Group
hydrographic surveys and drifting buoys. in the Department of Oceanography at Texas A&M
Additionally, the fine structure of the Loop University. He has a Ph.D. in oceanography from
Current/Eddy fronts is revealed by cool water Massachusetts Institute of Technology, Woods Hole
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as Chief Scientist for five cruises of the R/V Gyre
Throughout the late spring and summer, the general to study warm- and cold-core rings in the western
circulation of the Gulf was defined by the drifting Gulf of Mexico.
buoys deployed. During May and June, additional
details of the circulation were revealed by Dr. Wilton (Tony) Sturges is . Professor in the
Expendable Bathythermographs (XBTs) deployed Department of Oceanography at Florida State
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